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A Decaborane and certain of its derivatives reacted with

acetylenc ompouds in the presence of Lewis bases to produce

members of a new class of organoboranes. The parent compound

11,12-dicarbadodecaborane (12) has the formula BIoC2 H1 2 and

various C and B substituted derivatives are reported. Unlike
other higher boranes, this nucleus is quite impervious to
attack by compounds containing active hydrogen nor does it

attack reducible groups such as carbonyl or nitrile.

I'
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Introdc-tion

The reactions of decaborane with a variety of compounds

of Lewis base classification have been described One type

of product from such reactions is the simple addwet While a

second type is typified by the compounds bis(diethylsufiide
:3 4decaborane and bis(chlorodiphenylphosphine)decaorane 4 , which

are formed with the accompanying elimination of a molecule of

hydrogen.

(2) a. A. Stock and E. Pohland, Ber., 62, 90 (1929)1

b. W. H. Hill and M. S. JOhnson, Anal. Chem., 27,j 1300

(1955); c. S. J. Fitch and A. W. Laubengayer, J. Am. Chem.

Soc., 708, 3546 (1956).

(3) B. M. Graybi11, J. K. Ruff and M. F. Hawthorne, J. Am.

Chem. Soc. 893, 2669 (1961).

(4) H. A. Schroeder, J. R4 Reiner and T. L. Heying, Inorg.

Chem. 1, 618 (1962).

The reaction products from pentaborane and various Lewis

bases have been studied-5 and recently, members of a novel series

(5) A. B. Burg, J. Am. Chem. Soc. 79, 2129 (1957).

of organoboranes of the general empirical formula Bn C 2Hn+2
have been prepared by the reaction of pentaborane with acetylene

(6) R. E. Williams, C. D. Good and i. Shapiro, 140th A.CS.

Meeting, Chicago, Illinois, September 1961.



Consideration of these latter reactions along with the

preparation and structure advanced for the anion and BH 2  7,8

(7) A, R. Pitochelli and M. F. Hawthorne, J, Am. Chem. So.,

8, 3228 (1960).

(8) J. A. Wunderlich and W4 N, Lipscofbi J. Am. Chem. Soc.,

82, 4427 (1960).

prompted interest in the reactions of decaborane and its various

derivatives with acetylenic compounds.

Locnuet-Higgins and Roberts had demonstrated that the

(9) H. C. Longuet-Higgins and M. deV. Roberts, Proc. Roy.

Soc. A2-30, ll0 il9, (1955).

icosahedral structure as proposed for the B1 2H12 2 ion requires

26 bonding electrons. The decaborane nucleus itself can

contribute 24 such electrons and in the case in point, the

twenty-fifth and twenty-sixth electrons are those present

because of double negative charge of the anion. A neutral

B1 2H1 2 species, therefore, is precluded by these considerations.

It was postulated that if decabwrane could react with acetylene,

a stable entity similar to B1 2H2 2 might form since the triple

bond of acetylene could supply those electrons necessary for an

icosahedral molecule. The icosahedral carborane structure which

should arise from such a reaction was specifically predicted by

Hoffman and Lipscomb1
0

(10) R. Hoffman and W. N. Lipscomb, J. Chem. Phys., 16, 3489 (1962).
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Discuss ion

The reactions of decaborane and suitable derivatives with

acetyleic compounds were investigated employing a variety of

conditions. The formation of a new entity was first observed

from the reactions of bis(acetonitrile)decaborane with acetylene

in refluxing benzene. Hydrogen was evolved and a material

was isolated which chemical analysis showed to have the empirical
formula Bi0C 2Hi2. This formula was corroborated by mass spectral

analysisi The more detailed elucidation of the structure of

this new organoborane will be the subject of a later paper ,

(11) Refer also to paper I of this series by H. A. Schroeder,
T. L. Heying and j. R. Reiner, Inorg. Chem., in press.

but from this structural determination it was ascertained that

the material should be named l1,12-dicarbadodecaborane-12 since

it has a closed icosahedral structure as in B12H12 -
8 with the 11

and 12 boron atoms substituted for by two carbon atoms. This

name is quite cumbersome, especially in the case of highly

substituted compounds, and for brevity it is referred to as

carboranei2 (carborane-12 where the numerical designation is

necessary) since the material falls into the category of

(12) in writing descriptive formulae, the notation -vi-

10-10

is used to denote the carboranyl group thus carborane

itself is H - M Q - H.

10 H10

carboranes as described by Williams, et. al.6 .



The yields of carborane were not good in the initial

experiments, and during work toward improving them, it was

found that use of the isolated nitrile or amide derivatives

of decaborane was unnecessary since decaborane would react

directly with acetylene in the presence of the nitrile or amide.

Thus, reactions 1 and 2 were essentially combined as in reaction

3.

B + 2 CH3CN .... B1 oH1 2 (c 3CN) 2 + H2  (1)

13112(C 2 N)24 HCC-H -~-- H -0 1 Hi + !H2 + 2 CH 3C N (2)
C6 H6 110 1,0

2 CH3CN
B10"1 4 + 'H'2-*H 00 H g H +2 -2  (3)

A study of reaction 3 was made by Sampling at various

tAme intervals and analyzing these samples mass spectrometrically.
Sy plotting the concentrations of decaborane, acetonitrile

(2 moles per mole of decaborane) and carborane versus time, it

Was readily seen that the nitrile was not required in stoichiometric
amounts. To substantiate this, the quantity of acetonitrile

used was decreased and it was found that reaction rate increased

and tbhe yield of carborane was greater when only one mole

equivalent of nitrile was used. Reactionwould proceed even

when only 0.1 mole equivalent of acetonitrile was used and it

was subsequently found that it was often advantageous to use

approximately 0.9 mole acetonitrile per mole of decaborane.

In the initial stages of the investigation benzene was

used as solvent but, having determined that the desired reaction

was catalyzed by the presence of organic bases, it was postulated

that the same effect could be obtained by merely using a solvent

which itself is a mild Lewis base, This proved to be the case
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as good yields of many carbO-anes were obtained by reacting

decaborane with an acetylenic compound in tetrahydrofuran,

diethyl ether or diethyl sulfide, In addition, it was found
that diethyl sulfide could be used advantageously in place of

acetonitrile in the reactions initially described.

Of the solvents screened for use for the preparation of

carbor-anes it was found that benzene, dialkyl ethers and dialkyl

sulfides were the Most useful. it was also found that the

reaction does not proceed at a reasonable rate below 706C, and,

therefore it is necessary to use an autoclave When employing

the low boiling solvents such as diethyl ether.

The solid products are white and crystalline while the

liquids are clear and of rather high refractive index. The

materials are quite stable at elevated temperatures and the
carborane nucleus is inert to air, moisture and aqueous acids

and alkalis. In fact, several compounds have been distilled

from concentrated sulfuric acid without change. This behavior

is in marked contrast to decaborane which is rather readily

hydrolyzed and oxidized.

In addition to carborane itself, many C alkyl and C-alkenyl
derivatives were prepared by using the appropriate, substituted

acetylene. Some symmetrical acetylenes Such as 2-butyne or

3-hexyne would not react although unsymmetrical substituted
acetylenes usually gave high yields of the corresponding

carboranes. A summary showing the carboranyl hydrocarbons

prepared by direct reaction of an acetylene with decaborane
is given in Table I.



Table 1

Carboranyl Hydrocarbons Made by Direct Synthesis

10 H9

I H H 320 65-71

IV CH3 H H 45-46 10
-CCH 2

V n"C3H H H 62 -

VI - 4 -7  H -- 75/0401

VII -(cH 2 )2 C-H(Ch 3 ) 2  H H 33 23-

VIII -6 H 5  H H 66-67 27

Ix "nC H-3  H H - - 101-2/0.5

x (H)-C-CH H H 355-357 --

xI H B1H H -C 2 H - 77 -(b

(a) Melting points were achieved on a Fisher-Johna apparatus
and are uncorrected.

(b) Consult Experimental.

some products derived fromi boron substituted decaboranes 
3 ,4

are also included.



(13) Rt. L. Williams, 1. Dunstan and N. J. Blay, J. Chemn. SOc.,

19.60, 5006.

(14) Ibid., 51012.

This reaction Of decaborane also occurred with many

functionally sbstituted acetylenic compounds but, compounds

such as propargyl alcohol or acetylenedicarboxylic acid

Preferentially led to the destruction of the borane structure

rather than producing the desired carborane. Table II lists

the preparations of those substituted carboranes, wich were

achieved by the direct reaction of decaborane with the correspond-

ing Substituted acetylene.

Table 1I

Functionally Substituted Ca-rboraneas Prepared
By Direct Synthesis

-n-

R VYkel% -oP.,~ .. 0

XII -CH2Br H 70 30

XIII -COOCH 3  H 15 73

XIV -CH 2 Cl -VH 2 Cl 74 119-120

xv - 2WH H 83 42-43 02-04/0.2 no.

XVI -nC H0 Br 66 44-45 107/1

XVII -nC4 H9  Br (2) 37-8-9/.

XVIII - (c-H) 00CCH3  H 72 61-63 146/1.6

XIX -CH(0OCVH3 )QI3 H (1) ro6 59/

XX -CH 2 N(C2 H5 ) 2  H1 (3) (4) 33-35----

XXI IOH3-89 43-44

CH2 00CCH3

XX -CQOH 3  COOCH3  54 66-67-

(1) n21 . 1.5291 (3) Hydrochloride m.p. > 300*C

(2) nD 23~ 1.55,00 (4) > 50%, but not all was recovered
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The reaction was extended to the diacetylenic compound

diethyl dipropargylcarbonate, and the corresponding dicarboranyl

derivative (m.p. 199-2026C) was achieved in 55 percent yield

according to reaction 4.

2 a 1H1 4 + (HC CH 2)2C(coOC2H5 }2  4 H2
(4)

(H = * • -CH2 )2C(COOC 2H5 )2
B10 H10

Experimental

Reag-gts: Unless specified to the contrary, reagents were

used as received from various commercial sources. Decaborane

was from the Olin Mathieson Chemical Corporatioh.

Analysis: The elemental analysis of the carboranes by standard

techiques sometimes produced results which were not quite

acceptable. Boron analyses (Parr Bomb method) were usually

1-2 percent lower than theoretical and this was found to be

due to boron carbide formation. Carbon analyses were sometimes

1-2 percent higher than theoretical but, the cause of this has

not been ascertained. By employing cumbersome techniques,

accurate analyses could be obtained and are herein reported

for fundamental compounds for which they were obtained15. It was

(15) Recently a new elemental analytical procedure has been
reported which has proven very satisfactory for such

compounds; R. C. Rittner and R. Culmo, Anal. Chem. in press.

found that mass spectrometric analysis of the reaction mixtures

and products coupled with infrared analysis afforded an accurate

means of identifying the carboranes and of establishing any

impurities which were present, The method(s) of analysis in each

instance is noted.



I

CarbOrane I. In a typical reaction, a lliter, three-necked

flask is equipped with an efficient paddle stirrer, inlet tube

reaching as near to the bottom of the flask as possible and an

adapter for installing a second gas inlet and a water-cooled

condenser. An acetylene source is connected to a purification

train consisting of first a tower containing granular alumina,

next a scrubber of concentrated sulfuric acid, then a tower of
solid sodium hydroxide and finally the line is split to be

attached in parallel to the two gas inlet tubes of the reaction

vessel. In the flask a solution of 200 g. decaborane in 225 mi.

di-n-propyl ether and 225 ml. diethyl sulfide is prepared. The
flask and contents are heated at 40 + 59C for at least 12 hours

and then heated to 90 + 56C, at Which temperature acetylene is
admitted at a rapid rate for 24 hours. The mixture is cooled

and the volatile materials are removed under reduced pressure.

The solvents may be collected and re used in succeeding preparations.

The residue is dissolved by adding individually three 250-ml.

portions of methanol and each portion is quickly poured into

a 3 liter, three-necked flask equipped with a magnetic stirrer,

water cooled condenser and an addition funnel. Provisions for

cooling as needed are made. The mixture is stirred until the
vigorous reaction has subsided (about 10 minutes) and cooling

may be necessary. 200 ml. of concentrated hydrochloric acid
is slowly added, with cooling to control the reaction, and the

mixture allowed to stir for 30 minutes. Next, 100 mi. of

acetone is added. A very vigorous reaction occurs initially

but subsides after about 20 mi. has been added. The resulting

mixture is allowed to stir overnight.

The mixture is poured int0 approximately 16 liters of

water (80-85PC) and after 30 minutes the yellow precipitate

which has accumulated on the surface is removed and allowed

to drain. The wet solid is next dissolved in 800 ml. methanol

and a solution of 40 g. of sodiUm hydroxide, dissolved in a



minimum amount of water, is added with vigorous stirring. This

solution is quickly poured into 3 liters of cold water, and
the resulting precipitate is removed by filtration, Washed

With Cold water and allowed to air~dry for 24 hours.

The product is ground to a powder and mixed with an equal
amount of anhydrous calcium chloride and placed in a large

soxhlet thimble for extraction with a liter Of pentane for 24

hours. The pure white product crystallizes in the pentane

extract. When the extraction is complete, the pentane may be

decanted and used in succeeding preparations or evaporated to

completely recover the product. By this procedure 153-180 g.

of pure white carborane (65"77 percent yield) is obtained.

Anal.: Calc'd. for B1oC2Hi2: %B, 75.0; C, 16.76 H, 8.3

Found: %B, 74.9; C, 16.9; H, 8.4, 8,1

Through many experiments it has been found that carborane

Can be obtained in highest yield and purity suitable for any
synthesis purpose by utilizing the method descr ibed. Smaller

quantities may be purified by vacuum sublimation after the

treatment with hydrochloric acid in methanol and acetone.

Other less cumbersome modes of purification have resulted in

poorer recovery and the product contained impurities which

interfered with some subsequent reactions.

Methylearborane II. A solution of 2.0 g. de0aborane (0.016 mole)
in 30 ml. of tetrahydrofuran was sealed in a 250-ml. autoclave.

Without stlrring, the autoclave was filled to 50 psig,. with
methylacetylene. Stirring was begun and the mixture was heated

at 1259C for 5 hours. After cooling, the resulting solution

was analyzed mass spectrometrically to show that it contained

0.7 percent unreacted decaborane and 4.4 percent of methyl-

carborane. The solvent was removed under reduced pressure and
the residue (2.2 g.) was sublimed to give a product containing

12 percent decaborane and 88 percent methylcarborane. This



material was dissolved in pentane and the solution was treated

with trimethylamine to precipitate the deCaborane as its adduct

which was removed. Evaporation of the pentane are pure methyl-

carborane as evidenced by its mass and infrared spectra.

vin-icarborane-II. In a typical experiment a 5-iter, 3-necked

flask is equipped with a 500 mi. graduated, dropping funnel,

a nitrogen inlet tube and a straight bore, water condenser

topped by a dry ice condenser which is vented through a NUjol

filled trap. Agitation is achieved via a magnetic stirrer and

the reactor is warmed by use of a suitable heating mantle.

Decaborane (454 g.) ethyl sulfide (360 ml. or 0.9 mole/mole

decaborane) and toluene (2700 ml.) are mixed thoroughly in the

reactor and allowed to stand overnight under nitrogen. This

mixture is then heated with stirring to (80906C) for one hour

and the temperature is adjusted to 8°S0 whereupon 450 mi. Of a

cold solution of vinylacetylene in xylene (1:1 by weight) is
added dropwidse The addition usually requires 1.5-2 hours to

maintain the reaction temperature between 90 and 1000C. After

the addition is complete, reflux is maintained for 1.5-2 hours

and the mixture is allowed to cool and stand overnight. The

apparatus is then arranged so that the bulk of the solvent may

be evaporated with the aid of a water aspirator and this is

continued until the volume becomes less than one liter. The

solvents may be recovered and re-used. The remainder is trans-
ferred to a 1-liter flask fitted with a Claisen head to which

is attached a series of detachable glass bulbs in which the

product condenses and is collected. The mixture is distilled

at 0.5-l.0 mm. of mercury until the flask temperature reaches

135 1400 C. Vinylcarborane distills at 75-80 0C at 0.5 mm. mercury.

Yields of 65-70 percent of theoretical are obtained. The product

as recovered is suitable for many synthesis purposes but, can

be further purified as follows. The solid is dissolved in

methanol and distilled water is added until, with gentle warming,

solution is maintained. The solution is then cooled to 00C and



the precipitated product is removed. If the filtrate is

treated with additional water and the cooling repeated,

essentially quantitative recovery of the product is achieved.

Vinylcarborane treated in this manner melts at 78-790 C.

Isop o~nv LCarborane IV.

Ai A solution of 10 g. decaborane, 60 ml. ether, 4 mi.

diethyl sulfide and 6i5 g. isopropenylacetylene was allowed

to react in an autoclave at 950 C for 17 hours. The maximum

pressure developed was 255 psig. After removal; the ether was

distilled off and the residue was distilled at 1000C/i,0 mm.

The distillate (11.5 g., 68 percent) crystallized and melted at

35-406C and was found by mass spectrometric analysis to contain

98.5 mole percent isopropenylcarborane and 1.5 mole percent

unreacted decaborane. Recrystallization of a small portion

gave a white waxy solid melting at 45°C.

B. A solution of 10 g. decaborane, 60 m16 di-n-butyl

ether and 4 ml. diethyl sulfide was allowed to stand overnight.

it was next heated to boiling and 10 g. isopropenyl acetylene

was added as fast as possible, but without causing excessive

loss through its vaporization. After the addition is complete,
it was allowed to reflux for one hour and cooled to room temper-
ature, after which trimethylamine was passed through until no

more precipitate formed. The mixture was filtered and the iso-

propenylcarborane was isolated as in method A. Yields of about

70 percent were achieved by this procedure.

Alkylcarboranes. Table I lists n-butylcarborane (VI),

n-propylcarborane (V), n-hexylcarborane (IX) and 1,3-dicarboranyl-

propane (X). The following general procedure illustrates the

method of preparation.

Decaborane, acetonitrile (0.9 moles/mole decaborane),

and the acetylenic hydrocarbon (10 percent molar excess) are
dissolved in benzene and refluxed until hydrogen evolution



subsides, or the production of the carborane can be followed

by periodically examining a small sample of the reaction mixture

mass spectrometrically. When the reaction is complete, the

volatile materials are removed under reduced pressure. The

resulting residue is dissolved in benzene and treated with

trethylamine until no more precipitate forms. The mixture

is filtered, and the solvent and the carborane isolated by

vacuum distillation (v, VI) or by Crystallization from pentane

(VII, Xiv).

-Mehvlbutvlc~arbQraelV-II)-. A solution of 3 g. 5-methyl-l-

hexyne and 5 g. bis(aetonitrile)decbbrane in 50 ml. benzene

was refluxed for 5 hours. The mixture was filtered and the

filtrate treated with trimethylamine. The resulting mixture

was also filtered, and the solvent was removed. Recrystallization

are 23 percent 9 -methylbutylcarborane as identified by its

mass spectrum.
Phenylcarborane VIII). Three grams of phenylacetylene and 5 g.

bjs(acetonitrile)decaborane in 50 ml. benzene was refluxed for

two hours. After cooling and filtering, the filtrate was treated

with trimethylamine and the resulting mixture was also filtered.

on evaporation of the filtrate and recrystallization of the

residue from pentane, phenylcarborane was obtained in 27 percent

yield.

Anal.: Calc'd. for B10C8Hl6 : % B, 49.2; C, 43.6; H, 7.3

% B, 48.7; C, 44.4; H, 7.9

i-thlcarborane (X). The preparation of Bethylcarborane

from monoethyldecaborane containing two isomers was conducted

in at least twenty different manners. In all cases the product

varied only in the ratio of the isomeric B-ethylcarboranes

obtained. This could be ascertained through infrared and mass

spectrometric analysis and was reflected in slight differences

in refractive index. In general, di-n-butylether was found to

be the best solvent for this reaction and di-n-propyl sulfide,

di-n-butyl sulfide and n-butyl methyl sulfide were the desired
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Lewis bases. With these materials, yields ranged from 70-83

percent. A typical experiment giving 77 percent yield is

described.

A solution of 100 g. of ethyldeCaborane ini 84.4 g. n-butyl

methylsulfide in 114.7 g. dis-nbutyl ether is placed in a 1-liter,

3-necked flask equipped with a high speed, turbine drive stirrer

(5oO r.p.m.), water~cooled condenser and sintered glass, gas

delivery tube reaching to near bottom of the flask. An oil

bath is provid d. The stirred mixture is Slowly heated to 1100C

and acetylene, purified as in the preparation of I, is admitted

at a rate of 90 cc,/minute for 8 hours. Initially, the reaction

foams vigorously but after 2 3 hours Subsides as the color

Changes from light yellow to burnt orange.

The mixture is cooled and the volatile materials are removed

under reduced pressure. The residue is transferred to a 250-ml.

flask, and, using amodified Claisen-type stillhead having a cold-

finger condenser and liquid fractionating take-off, is distilled

under reduced pressure. Distillation is allowed to proceed

until the overhead temperature has risen from 709C/0.3 Mfl. to

1100C/2.5 mm. The distillation is stopped to avoid decomposition

of the sulfur-containing residue. The pot temperature is not

allowed to go above 1500C. Redistillation gives 89.1 g. product

distilling at 709C/0.3 mm. (i.e. nD25 1.5375) while the bath

temperature is maintained below 170 0C.

By infrared and mass spectral analysis the product is
identified as a mixture of two isomers of DBethylcarbo ane.

Anal.: Calc'd. for B1 oC4H1 7 : % B, 62.8

Found: % B, 62.7, 62.8

Separation of the two isomers is partially achieved by careful

fractionation.



bro~Qmth~car~r~~AX~j. A solution of 10 y. (0.062 M~ole)

of decaborane, 4 ml. (0.037 mole) of ethyl sulfide and 40 ml.

of di-n-propyl ether Was ref luxed for one-half hour. The mixture

was cooled to 70,0, and 10 g. (0.063 mnole) of propargyl bromide

wag added, slowly. Hlydrogen was evolved and the temiperature rose

to 856. The addition took about one hour. The mixture wag

then ref luxed for 3 hours and allowed to stand overnigjht. The

ether was removed Under redu,206 pressure, and the product distilled

at 6080/0M mm. The yield was 13.9 q. (69.5 percent) of a

Clear liquid which readily solidified On Standinig. Recrystallization

from pentane gave a white crystalline product which Was identified

by its mass spectrum.

Methl Crboanearbxviteixlll.Pour and otie-tenth grams

(0.02 mole) bis(acetonitril~decaborante and an equimolar quantity

of'Methylpropiolate were ref luxed in 50 ml. of benizene for four

hours. After filtering, the solvent was removed fromi the

filtrate and the resulting semi±-solid was transferred to a Soxhiet

appara-tu and extracted with pentane,. A~ white solid is recovered

from the extract and after recrystallization from pentane~ether

melted at 73C Metylcaboancaboylate identified through

its mass and infrared spectra was recovered in 35 percent yield.

bi-s-Ch loro-methvlc arbor ane --(X IV). TIen grams decaborane, 11. g.

1,4-dichlorobutyne-2, 3 ml. diethyl sulfide and 40 ml. ethyl

ether were placed in a 250 ml. autoclave and heated at 50 0 C for

8 hours. The maximnt-i pressure was 320 psig. After Cooling# the

Contents of the autoclave were removed, and the ether was evaporated.

The residue was dissolved in pentane, filtered and the filtrate

cooled in a dry-ice bath. The precipitated crystals were removed

an erystallized from pentane giving 14.5 g. (74 percent) o

bis-chloromethylcarborane which was identified by its mass and

infrared spectra.



AcetoxmmethylearboraneilXV). Two grams (0.0164 mole) of deCaborane

was dissolved in 15 ml. of benzene, and to it was added an equi-

molar quantity of acetonitrile and 2i1 g. (0.021 mole) of

propargyl acetatei The mixture was reiluxed for 48 hoursy gas
evolution was vigorous at first, but later subsided. The result-

ing yellow solution was treated with trimethylamine to precipitate

any excess decaborane6 The solution was concentrated and the

residue was distilled at 82-840C/0.2 =. giving 2.9 g. (83 percent)

of a liquid which crystallized to a white solid on standing. The

material was identified by mass spectrometric and infrared

analysis as acetoxymethylcaborane,

-BromoC' -n-propvlcarborane (XVI), A solution of 14.7 g. 1-bromo-

1-pentyne, 11.0 g. decaborane, 35 ml., 1,4-dioxane and 7 ml. diethyl

sulfide was heated at 70-800C for 1 hour in a 200-mi., round-bottom

flask and then refluxed for two hours. When no more hydrogen was

evolved, the dioxane was removed under reduced pressure. The

residue was distilled in vacuo, collecting the fraction which

distilled at 99-1009C/1.0 mm. C ION, Toward the end of this

distillation the temperature will begin to rise noticeably.

Remove the heat at this point or the residue will suddenly
decompose causing rupture of the apparatus and consequent fire: The

product was redistilled giving 25.0 g, (66 percent) of clear

liquid which solidified on standing. It was identified by its
mass spectrum,

C-Bromo-C,-n-butvlcarborane (XVII). This was prepared in 37

percent yield by the method given previously for XVI. The

product was a liquid distilling at 85-909C/0.5 mm. The same
precautions are advised in purifying thiu as were stated -or the

preparation of the n-propyl homolog.



6-A-cetOxyethylca rho ran-e-(XVIII) A Solution of 4.0) g., (0.0327
mole) of decaborane, 4.5 g. (0.0402 mole) 3Abty1y ctt

and 1.5 g. (0.037 mole) acetonitrile in 3 0 ml. ben ene Was
ref luxed for 103 hours. The Solvent was removed and 5.17 gy.
(71.7 percent) of liquid Which solidifies to a white solid
distilled at 108-1180C/0.3 Mm. Mass spectrometric and infrared
analysis showed it to be essentially pure O-acetoxyethylcarborane.

Anal.: Calc'd. for:. 810C4 02: %C, 31.2; H, 7j88

Pounds %C:, 32.1, 31.7;i H, 7.9, 8.4

6'--Acetoxyethy-lcarborane--(XtX-)-. A solution of 4.0 g. (0.0327
mole) of decaborane, 4.5 q. (0.0402 mole) of I-butyn-2-l
acetate and 1.5 g. (0.066 mole) of acetonitrile in 30o ml.
benizene was ref luxed for 95 hours The benzene was removed and
the residue was distilled at 85 9,50c/0.15 - mm oreoe

4.75 g. (65.7- percent), of a slightly yellow liquid n 1=1.5291.
Mass spectrometric and infrared examination indicated it to be
essentially pure O( -acetoxyethylcarborane.,

Anal.: Calcd. for: B 0C H18 02  %,312H,78

Pound: %C, 33.0; H, 7.81

N.N-Dimethylaminome-thvlcarborane ~.A solution of 6.1 g.
decaborane and 5.5 g. N,N-diethylamino-2-propyne in '50 ml.
benzene was ref luxed for 7.5 hours. After cooling, the mixture
was filtered and the filtrate was extracted with dilute hydro-

chloic cid.Theaci was neutralized and- the amine which ts
released was recovered in ether. Isolation and recrystallizaio
from pentane gives a waxy, white solid.

Anal.: Calcd., for: B0 C7  N:

% B, 47.154 C, 36.64; H,10.11 N, 6.11

% B, 45.8; C, 37.1; H, 9.8; N, 6.4



-19-

bis(Acetoxvmethvlcarborane) (XXI). A mixture of 5 g. (0.041

mole) of decaborane, 8 g. (0.047 mole) of butyndiyl-l,4-diacetate

and 2 ml. (0.0186 mole) diethylsulfide in 40 ml. of diethyl

ether was placed in a 250 mli. autoclave and heated at 1,10 0C for

4.5 hours. The mixture was cooled and the ether removed.

The residue was dissolved in about 200 ml. of pentane, filtered

and the filtrate was cooled in a dry-ice-acetone bath. The

cooled solution was filtered to recover 10.5 g. of material which

melted near room temperature. Several recrystallizations from

pentane gave a white solid (m~p. 43-440C) identified by mass

spectrometric and infrared analysis as the desired compound.

Dime thyiCarboranedic-arboxVlateA2C-I-). A mixture of 18.0 g.

bis(acetonitrile)decaborane, 15 g. dimethyl acetylenedicarboxylate

and 50 ml. toluene was refluxed for 22 hours. The toluene was

removed under reduced pressure and the residue was treated with

pentane to extract the product. Recrystallization from pentane

gave 12.5- g. (53.6%) of dimethyl carboranedicarboxylate. Mass

spectral and infrared examination established the identity of

the product.
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